Abstract-This paper presents a Proportional Resonant (PR) current controller applied to single-phase grid-connected of PV inverter with LCL filter. The damping resistor is adopted in LCL filter for restraining the high resonant peak value. In order to track a reference value with fast, the system with high gain is produced by the PR current controller in the wide range of frequency. Then, low THD of the yield grid current is compared with PI current controller.
I. INTRODUCTION Nowadays, due to the increasing demand for electricity, the engineer and researchers are focusing on alternative resources such as wind, hydro, solar and biomass for the production of electrical power. Solar photovoltaic (PV) is a source of natural energy or renewable energy (RE), which is in general environment-friendly and unlimited resources. Traditionally, the fossil fuels are prominent raw material to generate electrical power. However, these resources are becoming depressing. Hence, the REs become favorite for producing electrical power. Moreover, PV is convenient to develop in distribution area that could avoid a long transmission of electrical power that eventually the cost operation and dependability would be decreasing and improving [1] [2] .
Since the PV is generating DC source voltage, the conversion to AC voltage is essential for integrating the PV to electrical power grid network. The stage of conversion can be classified into two types, i.e., single and two stage of conversion. Typically, the two-stage conversion is more reliable and easy to implement that comprises two cascaded conversion phase of a DC-DC boost converter with maximum power point tracking (MPPT) and DC-AC conversion. Meanwhile, the boost voltage is designed in DC-AC conversion for single-stage PV inverter, which is more complicated in the controller point of view than two-stage conversion. Nevertheless, the single stage PV inverter could significantly reducing the size and perhaps the cost [3] [4] [5] [6] . Therefore, due to the simplicity of the control approach, the two-stage conversion for grid-connected is focused in this paper for further analysis.
In PV inverter, two controllers are suitable to be applied in current controlled, i.e., the PI (Proportional Integral) controller and PR (Proportional Resonant) controllers. The drawback of PI controller is typical that is unable to track the sinusoidal reference without steady-state error due to the dynamic of integral terms. When compared with the PR, PI provides the system with high gain in wide range of frequencies for the fasttracking of a given reference and output grid current with low total harmonic distortion (THD) [5] [6].
For grid-connected, the quality of the sinusoidal voltage from the inverter must be met the standard from the grid. Thus the passive filter is necessary. The most common and simple are using L as a filter. However, to decrease the current ripple, the large value of L should be applied, which is not so practical. Meanwhile, for LC filter, due to the uncertainty of the network impedance, it is still not convincing in the filtering result. The LCL filter is much more attractive than L and LC filter. Besides, when using the LCL filter, the cost and weight of the system are reduced. However, to stabilize the system, the active damping techniques are required for the grid-connected inverter due to the resonance of the LCL filter [6] - [7] . The additional of damping resistor in series with LCL would increase the power losses through a resistor, which is will degrade the system performance. Hence, the damping could just be applied to series with C that can minimize the power losses through the resistor.
Moreover, the grid is not always stable due to the environment of weak network. Thus, grid voltage has numerous disturbances such as swell, sag, and frequency distortion. Therefore, the grid-connected quality system is required to investigate for robustness. The design of singlephase grid-connected of PV inverter using PR current controllers is presented in this paper. The LCL filter is adapted for this grid-connected inverter. The analyses are carried out through simulation study and shown the dependable performance during several disturbances factors.
II. SYSTEM DESIGN
In this section, PV inverter with LCL filter is described. The LCL filter parameters can be divided with inverter side inductor ( ), capacitor filter ( ) and grid side inductor ( g L ) as shown in Fig. 1 . The filter is attached to the output of the inverter to enhance the significance of output voltage waveform which the LCL is used frequently compared to another filter as its offers better attenuation [8] In order to design the LCL filter, L g was assumed to be a fraction of L i , which can be greater than or lesser than L i . The resonant frequency, f res can be designed as:
Where,
Meanwhile, the damping resistor, R d can be determined as: Refer to figure 2 ; the MPPT is adapted to optimal power from the PV array. The DC bus voltage, V dc from boost DC-DC converter compared to the reference DC bus voltage, V* dc to produce the voltage error that through the PID regulator for processing. Then, the reference current, I ref , which is synchronized with the grid voltage is sensed and calculated using the Phase-Locked-Loop (PLL) and DC bus control as the input to PI or PR controller to generate the switching state.
A. Proportional Integral (PI) Current Controller
The PI controller has been applied in many applications for many years due to its simplicity. For THD comparison, the PI current controller was developed as in Fig. 3 . The PI current controller, G PI (s) is defined as: 
B. Proportional Resonant (PR) Current Controller
The PR controller produces an unlimited gain to track the current at the resonant frequency. Fig. 4 shows the block diagram of adapting PR current controller.
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Fig. 4. Block diagram of PR current controller
The ideal PR current controller, G PR (s) is represented by:
Where K P and K i are the controller gains respectively, and ω o is the resonant frequency. The PR controller produces an unlimited gain at the ac frequency, ω o . However, for ideal resonant in PR controller, there is no phase shift and unpractical due to lossless. Also, an ideal PR controller can provide stability difficulties due to the unlimited gain. Thus, the PR controller can be through non-ideal to avoid these difficulties. The non-ideal PR controller, G nPR (s) is revised as: 
Where ω c is the bandwidth around the ac frequency of ω o .
At the ac frequency ω o , the gain of non-ideal PR controller is fixed, however it is yet bulky sufficient to give only a very small steady state error. This creates the controller achievable due to its fixed precision [10] .
C. Stability Analysis
The current control loop block diagram is shown in Fig. 5 . 
Meanwhile, the transfer function with damping resistor unfolds such as;
Where, the values of L g , L i and C f are given in Table I . Thus, the current controller, I g (s) should be achieved as:
The closed loop gain of the current control loop with the PR controller is identified by:
Then, the Bode diagram of current loop gain for each current controller are compared, whereas the Bode diagram is developed to investigate the closed loop stability by using the open-loop case. The Bode diagram relates closed-loop stability of the system when phase and gain margins are positive [11] . The values of parameters listed in Table I . Fig. 6 and 7 , both the Bode plot shows that the controllers are stable. THD of each controller is 1.81% and 1.21%, respectively when under grid distortion. These results reveal that the effectiveness of the PR controller than the PI controller. Fig. 8 compares the Bode diagrams of the LCL filter with and without damping. LCL filter with and without damping illustrate similar dynamic performances at low-frequency range. However, performance of the LCL filter without damping is lossless compared to the LCL filter with damping at the high-frequency range. This is the shortcoming of LCL filter without damping which resonance heights around the resonant frequency. Consequently, the system turns into very responsive to distraction and unstable [12] . This show the effectiveness of the proposing damping in LCL filters.
To see the effectiveness of the PV inverter, the grid distortion analyses are carried out accordingly. Fig. 9 has shown the simulation result of grid voltage distortion. In this situation, the grid voltage sags from 155V to 139.5V suddenly at 2.08s and then recommence to original situation at 2.16s (refer to Fig. 9 ). The result has illustrated that the proposed PV inverter can rectify the distortion of sag. Then, for second distortion analysis, the grid frequency is distorted from the 50 Hz to 47 Hz at 2.08s and recommence to the original situation at 2.16s. The yield performance of the PV inverter for this case is depicted in Fig. 10 . It is shown that the proposed PV inverter can handle the frequency distortion thoroughly. Reacti ve Power Reacti ve Power 
IV. CONCLUSION
This paper proposes the robust controller for single-phase grid-connected PV inverter with LCL filter. To attain the better performance and greater stability, a dual-loop current control with PR controller and damping method are used. Moreover, the system restrains stable even under several disturbances factors.
